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IN THE CIATMS ; 

X^^^ Flash NEEprom system comprising: 
one or more\ integrated circuit chips each 
having an array of Fla^i EEprom cells partitioned into 
a plurality of sectorsV each sector addressable for 
erase such that all \ells therein are erasable 
simultaneously ; 

means for selectj^g a plurality of sectors 
among the one or more chipsXfor erase operation; and 

means for simultaneously performing the erase 
operation on only the plurality of selected sectors. 



2. A Flash EEprom ^ystem as in , claim JL, 

including 

read or write operations on chips which have been 
enabled by a chip select signaiu wherein the erase 
operation is performed on chips wijbltout regard to the 
chip select signal. 

3. A Flash EEprom systeiA as in claim 1, 
wherein the erase operation may be performed on the 
plurality of sector selected for erase Operation, while 
read,, write or other operations may be performed on any 
other device not selected for erase ope:^tion. 



, 4. The Flash EEprom system according to claim 

1/ further comprising: 

means for individually removing ^ny one or 
combination of sectors from the plurality ofi selected 
sectors, such that said removed sectors are \revented 
from further erase during the erase operation. 
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5 . *he Flastf EEprom system according to claim 
1/ further comprising: 

means ^0^^ simultaneously deselecting all 

sectors. 

6. The FlVsh EEprom system according to claim 
1, wherein the seledfcing means further comprises: 

individual register associated with each sector 
for holding a status ^ indicate whether the sector is 
selected or not. 

7. . The Flash EEtarom system according to claim 
6,. wherein the simultaneously erasing .ineans is 
responsive to the statusXin each of the individual 
registers, such that only\ the selected sectors are 
included in the erasing. 



8. The Flash EEprom sVstem according to claim 
6, wherein any one or combinaVton of the individual 
registers indicating a selecte<^Matus are individually 
resettable to an un-selected sta-feis. 

9. The Flash EEprom systdm according to claim 
6, wherein all the individu^ registers are 
simultaneously resettable to a status indicating the 
associated sectors as not selected. 

VK^ K system for correcting errors from 
defective cells within an array of Fla\h EEprom cells, 
comprising: ' 

substitute cells; 

means for substituting one or\ more of the 
defective cells with a corresponding\ number of 
substitute cells. 
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11. 1^ system for correcting errors from 
defective cellsYithin an array of Flash EEprom cells as 
m claim lo wher^n the substituting means also applies 
automatically to W defective cells as soon as they are 
detected. ^ 

12. A sy^em for correcting errors from 
defective cells withiV an array of Flash EEprom cells as 
in claim lo, said krray being partitioned into a 
plurality of Flash erasWe sectors such that all cells 
within each sector areXerasable at once, wherein the 
substitute qells are in tie same sector as the defective 
cells- ^ 

.13. A system/ ^r correcting errors from 
defective cells within an^a^Ly of Flash EEprom cells as 
in claim ll, further comprisiW a defect map for storing 
defect pointers which link\ the addresses of the 
defective cells to that of theVcorresponding substitute 
cells. \ 



14. A system for coVrecting bad data in 
defective cells within an array ofVlash EEprom cells as 
in claim JL3, wherein the defect ma^, for said defective 
cells are located in the same sectoV as said defective 
cells. 
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15. X system for correcting errors from 
defective cells\ within an array of Flash EEprom cells 
as in claim 10 A said array being partitioned into a 
plurality of Flasl^erasable sectors such that all cells 
within each sectorXare erasable at once, wherein the 
substitute cells areXin the same sector as the defective 
cells when the numbeA of defective cells in the sector 
does not exceed a \predetermined number, and the 
substitute cells are \n a different sector when the 
number is exceeded. 



16. A system \for correcting errors from 
defective cells within an\ array of Flash EEprom cells 
as in claim 15, wherein saib sector is replaced in its 
entirety by a substitute s^or when said number is 
exceeded. 



17. A system for Correcting errors from 
defective cells within an array ^f Flash EEprom cells as 
in claim 15 wherein the substitu^ng means also applies 
automatically new defective cell A as soon as they are 
detected. 



18. A system for correcting errors from 
defective cells within an array of Flasl^EEprom cells as 
in claim 17, including the use of e^or correction 
codes. 
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system for correcting bad data in 
defective cells ^ithin an array of Flash EEprom cells, 
comprising: 

substitutJfc cells for storing good data intended 
for the defective ctells; 

means for substituting the bad data in one or 
more of the defectivk cells with the good data in the 
corresponding substitO^te cells when the defective cells 
are accessed. 

20. A systeiA for correcting bad data in 
defective cells within anXarray of Flash EEprom cells as 
in clain 19, further composing means for automatically 
saving the good data intended to be written to the 
defective cells to the corresponding substitute cells, 
thereby perserving the integrity of the good data. 



21. A system forL^irrecting bad data in 
defective cells within an arraA of Flash EEprom cells as 
in claim 20 wherein the substituting means also applies 
automatically to new defective cWlls as soon as they are 
detected. 



22. A system for corirecting bad data in 
defective cells within an array of Vlash EEprom cells as 
in claim 20, said array being Wrtitioned into a 
plurality of Flash erasable sectors\such that all cells 
within each sector are erasable at\once, and data is 
stored therein, wherein the substituting means applies 
after the data including the bad data rflas been accessed. 
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23. A system for correcting bad data in 
defective cells Vithin an array of Flash EEprom cells as 
m claim 20, sVid array being partitioned into a 
plurality of FlasA erasable sectors such that all cells 
within each sectoA are erasable at once, wherein the 
substitute cells arA in the same sector as the defective 
cells. 



24. A systkm for correcting bad data in 
defective cells within kn array of Flash ^:Eprom cells as 
in claim 20, further comprising a defect map for storing 
defect pointers which \ link the addresses of the 
defective cells to that oW the corresponding substitute 
cells. * 

25. A system fior correcting bad data in 
defective cells within an aAray of Flash EEprom cells as 
in Claim 24, wherein the map for said defective 
cells are located in the sU/|sector as said defective 
cells. 

26. A system for Correcting bad data in 
defective cells within an array W Flash EEprom cells as 
in claim 19, said array beinV partitioned into a 
plurality of Flash erasable sectoVs such that all cells 
within each sector are erasable \t once, wherein the 
substitute cells are in the same seitor as the defective 
cells when the number of defective Wlls in the sector 
does not exceed a predetermined \ number , and the 
substitute cells are in a different sector when the 
number is exceeded. \ 



27. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wheirein said sector is replaced in its 
entirety by a subtetitute sector when said number is 
exceeded. \ 

28. A system for correcting bad data in 
defective cells withih an array of Flash EEprom cells as 
in claim 26, wherein the substituting means also applies 
automatically to newli\ occurring defective cells. 

29. A system\ for correcting bad data In 
defective cells within ah array of Flash EEprom cells as 
in claim 28, including ufee of error correction codes. 

An improved teystem for writing data files 
into a Flash EEprom memory\ comprising: 

a cache memory f6r temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able to undergo sigAif icantly more write/erase 
cycles than the Flash EEpronft^mory ; 

means responsive tcUa |system write to the Flash 
EEprom memory for writing dAta files into the cache 
memory instead of the Flash EEbrom memory; 

means for identifying each data file in the 
cache memory; \ 

means for determining tihe time since each data 
file was last written; and \ 

means for first moving \ data file having the 
longest time since last written frbm the cache memory to 
the Flash EEprom memory when additional space for new 
data files is required in the cabhe memory, thereby 
substantially reducing the number dtf actual writes and 
associated stress to the Flash EEprdm memory. 
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31. Thffi improved system as in claim 30, 
further comprising; 

a backup lion-volatile memory for downloading 
the data files in thte cache memory thereto; and 

means responsive to an impending power loss for 
down loading the data\f iles in the cache memory to the 
backup memory, therfebyX saving the data files from the 
possibly volatile cacheX memory . 



32. The. imprc 
wherein the backup memo: 
memory . 



kved system as in claim 30, 
is part of the Flash EEprom 



33. The improv^b system as in claim 30, 
wherein the cache memory(j^^ a significantly faster 
access time than that of theVFlash EEprom memory. 

34. The improved Isystem as in claim 30, 
including a controller circuit thip for controlling the 
operations of the Flash EEprdm memory, wherein the 
improved system is part of the controller circuit chip. 



35.. The improved system as in claim 30, 
including a microprocessor systemX and random access 
memory, wherein the improved systeA is implemented by 
software in the microprocessor system With random access 
memory . 
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An improved system for writing data files 
into a Flash E^prom memory comprising: 

a cacri:^ memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able to uridergo significantly more write/erase 
cycles than the Fla^sh EEprom memory; 

means responsive to a system write to the Flash 
EEprom memory for writing data files into the cache 
memory instead of the Via sh EEprom memory; 

a tag memory for storing the identity of data 
files and the time each data file was last written; and 

means for firstXmoving data file having the 
longest time since last written from the cache memory to 
the Flash EEprom memory when additional space for new 
data files is required in Vhe cache memory, thereby 
substantially reducing the nxlmber of actual writes and 
associated stress to the Flasm EEprom memory. 



37. The improved sy^&^eij|^ as in claim 36, 
further comprising: 

a backup non-volatile membry for downloading 
the data files in the cache memory thereto; and 

means xesponsive to an impenodng power loss for 
down loading the data files in the caCshe memory to the 
backup memoiry, thereby saving the dat^ files from the 
possibly volatile cache memory, 

38. The improved system as in claim 36, 
wherein the backup memory is part of the ^lash EEprom 
memory. 

39. The improved system as in Alaim 36, 
wherein the cache memory has a signif icantlV faster 
access time than that of the Flash EEprom memory. 
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40. The improved system as in claim 36, 
including a contrdller circuit chip for controlling the 
operations of the\ Flash EEprom memory, wherein the 
improved system is p^rt of the controller circuit chip. 



41. The imbroved system as in claim 36, 
including a microprocessor system and random access 
memory, wherein the imp£\pved system is implemented by 
software in the microprocei^sor system with random access 
memory . 



4^. An improved system for writing data files 
into a Flash EEprom memory comprising: 

a cache memory for temporarily storing data 
files intended for the Flash EEbrom memory, said cache 
momory able to undergo significantly more write/erase 
cycles than the Flash EEprom memol 

means responsive to a systfemyi^rite to the Flash 
EEprom memory for writing a data^^fide either into the 
Flash EEprom memory or instead intoXthe cache memory, 
said responsive means writing to the Vlash EEprom when 
the a previous copy of said data file iSs not present in 
the cache memory, and writing to the c^he memory when 
a previous copy of said data file is i^resent in the 
cache memory; and 

means for first moving data fil^ having the 
longest times since last written from the dtache memory 
to the Flash EEprom memory when additional spWce for new 
data files is required in the cache memorA thereby 
substantially reducing the number of actual w\ites and 
associated stress to the Flash EEprom memory, 
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in claim 42, 



43. The\ improved system as 
further comprising: \ 

a backup non-volatile memory for downloading 
the data files in the\ cache memory thereto; and 

means responsive to an impending power loss for 
down loading the data files in the cache memory to the 
backup memory, thereby dtaving the data files from the 
possibly volatile cache i^mory. 
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44 . The improve 
wherein the... backup memory 
memory. 



system as in claim 42, 
part of the Flash EEprom 



. 45. -The improved systtem for writing data files 
into a Flash EEprom memory According to claim 42, 
wherein said responsive means foA writing includes a tag 
memory for storing the identity bf data files and the 
time each data file was last written, and wherein said 
responsive means writing to the FlVsh EEprom when said 
data file is hot tagged in the tag Vnemory, and writing 
to the cache memory when said data fi^e is tagged in the 
tag memory. 
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4er improved system for writing data files 
into a Flash EEprom memory comprising: 

a cache\ memory for temporarily storing data 
files intended foV the Flash EEprom memory, said cache 
memory able to unfflergo significantly more write/erase 
cycles than the Flash EEprom memory; 

means respAnsive to a system write to the Flash 
EEprom memory for wititing a data file either into the 
Flash EEprom memory W instead into the cache memory, 
said responsive means\ writing to the Flash EEprom when 
said data file is lasli written after the predetermined 
period of time, and waiting to the cache memory when 
said data file is lastVwritten within a predetermined 
period of time; and \ 

means for firstt moving data files having the 
longest times since last Written from the cache memory 
to the Flash EEprom memoryWhen additional space for new 
data files is required iA the cache memory, thereby 
substantially reducing theWjjn^ of actual writes and 
associated stress to the Flkstt EEprom memory. 

47, The improved \ system as in claim 46, 
wherein the cache memory haA a significantly faster 
access .time than that of the Flash EEprom memory. 

48* The improved system as in claim 46, 
including a controller circuit chip for controlling the 
operations of the Flash EEprom \ memory , wherein the 
improved system is part of the controller circuit chip. 

49. The improved system as in claim 46, 
including a microprocessor system \and random access 
memory, wherein the improved system \ is implemented by 
software in the microprocessor system \ith random access 
memory . 
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StfT" An Improved system for writing data files 
into a Flash EEprdm memory comprising: 

a cache mWory for temporarily storing data 
files intended for ^e Flash EEprom memory, said cache 
memory able to unde^o significantly more write/erase 
cycles than the FlashV EEprom memory; 

a tag memory Vor storing the identity of data , 
files and the time eacA data file was last written; 

means responsivre to a system write to the Flash 
EEprom memory for writiAg a data file either into the 
Flash EEprom memory or iVistead into the cache memory, 
.said responsive means writing to the Flash EEprom when 
the data file is not idenJtified in the tag memory, and 
writing to the cache meirtpry when the data file is 
identified in the tag memot^; and 

means for moving fdrst the data files having 
the longest times since lait written from the cache 
memory to the Flash EEprom meWey when additional space 



requTi] 



for new data files is ^^^^^ 
thereby substantially redu^d 

writes and associated stress toVthe Flash EEprom memory. 



in the cache memory, 
the number of actual 



51. The improved syitem as in claim 50, 
further comprising; 

a backup non-volatile memory for downloading 
the data files in the cache memory\ thereto ; and 

means responsive to an impending power loss for 
down loading the data files in the ^ache memory to the 
backup memory, thereby saving the d^a files from the 
possibly volatile cache memory. 



52 . The improved system a 
wherein the backup memory is part of th\ 
memory. 



in claim 50, 
Flash EEprom 



53. The Vmproved system as in claim 5o, 
wherein the cache memory has a significantly faster 
access time than that \of the Flash EEprom memory. 

54. The impr^oved system as in claim 50, 
including a controller circuit chip for controlling the 
operations of the FlashXEEprom memory, wherein the 
improved system is part of Vhe controller circuit chip 

55. .The improved ^stem as in claim 50, 
including a ; microprocessor sy^em and random, access 
memory, wherein the improved sykem is implemented by 
software in the. microprocessor sys^m with random access 
memory. \ 
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56. A memory 
computer system in a manner 
bus and a standard 
following mounted thereon 

a plurality of 
each of said chips includin 
a large numbe^ 
storage cells 
sectors, each 
said storage 
a plura 
any of said /s 
^ : means responsive 

for erasing all ce^/ls in on 




ted to plug into a 
tunicate with a system 
PPly^ comprising the 

integrated circuit chips, 

individually addressable 
into a plurality of 
containing a plurality of 

storage cells within 

s on said system bus 
designated sectors 
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without erasing c^lls in oth^r^ of said sectors, 

means r</sponsive^to signals on said system bus 

for reading the/state^^¥ addressed storage cells, 

means/responsive to signals on said system bus 

for prograiiurting addressed storage cells to a 

predetermined state, and 

means responsive to an unsuccessful attempt to 

either program or erase a storage cell within one of 

said sectors for substituting one of said spare storage 

cells Urlerefore while maintaining operation of the 

remaining cells of said sector. 




• 



Q 

m 
m 

m 
m 

o 

13 
IB 
(□ 

Q 



10 



48 

57. The memory card acofording to claim 56 
which additionally comprises a cache memory mounted on 
said card, and wherein said programming means includes 
means fo r ini tially^rogramming s/aid cache memory rather 
than said EEprom memory-^, saicl/ reading means includes 
means for initially determining whether the cache memory 
contains data to be read, ahd said programming means 
additionally includes mean/ responsive to said cache 
memory becoming full for wr/ting its oldest unused block 
of data into ^aid EEp rom^Aemorv . thereby to make room 
for new data in said cac^e me 



58. The memo 
each of said chips fu 
sectors, and wherei . 
substitutes one of s^id/ spa 



ard as/ in claim 56, wherein 
is a plurality of spare 
Dstituting means also 
sectors for one of said 
sectors when a prede/teri/iined' ^iSHB^is^f cells in said one 
of said sectoi^ becgttie defedtive, 
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. 59 . The/ memot-y 
means for performing 
correction codes 



card 



asr in claim 58, including 
correction using error 



60- / The memory card as in claim 56, including 
a controlled and an interface connected to the system 
bus, said cbntroller being adapted to be responsive to 
commands intended for <a standard magnetic disk _drive 
5 storage s^rstem connectable to the computer saltern, 
thereby emulating (^aid disk drivt"^yst^m. 
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61, The memory card as in y^aim 56, in which 
various operating voltages are r^ired for various 
operations of the EEprom chips/ including means for 
generating the various opera^tang voltages from the 
standard power supply. 



62. A storage s 
memory card of claim 5e/ co 

a controller/for 
the EEprom chips; 

means f or/generat 
of the EEprom chd^s; 




porating therein the 

-^^^ ^ 

^g /the operation of 

ages for /the operation 

means/for error correction in ^he_ operation of 
^ the storage system ; and 

medns for interfacing the storage system to a 
computer ^stem. 




